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Abstract
By identifying the Higgs field as an internal component of a higher
dimensional gauge field it is possible to solve the little hierarchy prob-
lem. The construction of a realistic model that incorporates such a
gauge-Higgs unification is an important problem that demands atten-
tion. In fact, several attempts in this direction have already been put
forward. In this letter we single out one such attempt, a 6D SU(3)
extended electroweak theory, where it is possible to obtain a Higgs
mass prediction in accord with global fits. One shortcoming of the
model is its prediction for the Weinberg angle, it is too large. We
slightly modify the model by including brane kinetic terms in a way
motivated by the orbifold action on the 6D fields. We show that in this
way it is possible to obtain the correct Weinberg angle while keeping
the desired results in the Higgs sector.
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1 Introduction
The little hierarchy problem consists on the following: treating the standard
model as a low-energy effective theory valid up to a scale Λ, the Higgs mass
suggested by global fits of electroweak precision data is natural for Λ ∼
500 GeV. However, there are bounds at present coming from four fermion
operators that demand Λ ∼ 10 TeV. Thus there is an order of magnitude
discrepancy.
A good amount of work has recently been devoted to find a solution to
this problem. As it is well known, supersymmetry is at the moment the
best candidate for the solution of the hierarchy problem. In this context,
the discrepancy in scales is translated to a discrepancy between the Higgs
mass mh and the scale of sparticle masses mSUSY . Depending on the specific
model, MSSM, NMSSM, etc., there are several proposals that attempt to
solve or ameliorate the little hierarchy problem [1, 2, 3, 4]. Other interesting
scenario is that of Little Higgs models with and without T-Parity [5, 6, 7],
where the Higgs boson is identified as a pseudo-goldstone boson of some
unspecified strongly interacting sector.
A different line of work is that of theories in extra dimensions where
the Higgs boson is an internal component of a gauge field of some extended
electroweak symmetry. This idea is not new [8, 9] and recently has attracted
attention as an alternative [10, 11, 12, 13, 14, 15]. In particular, Scrucca,
Serone, Silvestrini and Wulzer [16] presented a complete analysis of an SU(3)
electroweak gauge theory in six dimensions where the two extra dimensions
have the geometry T 2/ZN . They find that it is possible to formulate a theory
with just one Higgs doublet that gives the prediction (at leading order):
mH = 2mW . At its barest, their model gives a nice result with little effort.
However, in order to get closer to a realistic theory there are a couple of issues
that need to be addressed. One of them is the stability of the electroweak
scale which has in fact been studied thoroughly for this model in [17], and
more generally in [18] (see also [19]). The second issue is the fact that the
prediction obtained for tan θW is larger than the correct value.
In this letter we present a simple extension of the original framework
where it is possible to obtain the correct value of the Weinberg angle while
keeping similar results in the Higgs sector. The basic idea is to introduce
brane kinetic terms for the components of the gauge field in a way motivated
by the orbifold (geometrical) construction of the theory and see that their
inclusion allows us to fix the problem. In Section 2 we review the basic
results obtained in [16] and stress the problems mentioned above. Then, in
Section 3 we present our extension based on the inclusion of brane kinetic
terms in the theory. We present an example in detail and comment on other
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possibilities to then finish with our conclusions.
2 SU(3) in 6D
In this section we review the model presented in [16]. As mentioned in
the Introduction, the basic idea is to relate the extra components of extra-
dimensional gauge bosons to the 4D Higgs field.
Consider an SU(3) gauge theory in six dimensions, two of which are com-
pactified on a T 2/ZN orbifold (T 2 is the torus). Different choices of N lead
to different possibilities for the Higgs fields; for example for N = 3, 4, 6 one
can construct models with a single Higgs doublet [16]. In this letter we are
interested in these models and will consider the case N = 3.
Gauge bosons are denoted as Aµˆ, with the 6D index µˆ = 0, 1, 2, 3, 5, 6
split into µ = 0, 1, 2, 3 and M = 5, 6. The full gauge symmetry is broken
by the orbifold boundary conditions (O.B.C.) in such a way that the gauge
symmetry can be broken as: G → H , with H = SU(2)W × U(1)Y . Thus,
O.B.C. split the group generators into two sets, TA = {T a, T k}, where TA ǫG
and T a ǫH . From this one obtains that Aaµ and A
a
M have zero modes in the
spectrum whereas Akµ does not. Note that a vacuum expectation value for
AaM can break the symmetry further, namely from H → H ′ = U(1)em
Then, in the SU(3) model that we are considering, the orbifold action
on the gauge fields Aµˆ, is such that the invariant components become Wµ =
Aµ =
∑
aAµa
λa
2
and HM = AM =
∑
aAMb
λb
2
, where a = 1, 2, 3; b =
4, 5, 6, 7 and λ are the Gell-Mann matrices. Note that these expressions
are valid for the 6D gauge fields and so after compactification we identify
the usual 4D gauge bosons with the zero modes of the Kaluza-Klein tower.
From now on we concentrate only on these zero modes and will omit any (0)
superscript on the 4D fields.
The zero modes of the 4D vector fields above can be expressed in matrix
notation as
Aµ =
1
2


A(3)µ +
1√
3
A(8)µ A
(1)
µ − iA(2)µ 0
A(1)µ + iA
(2)
µ −A(3)µ + 1√3A(8)µ 0
0 0 − 2√
3
A(8)µ


=
1
2


W (3)µ +
1√
3
B(8)µ
√
2W+µ 0√
2W−µ −W (3)µ + 1√3B(8)µ 0
0 0 − 2√
3
B(8)µ

 , (1)
where we have introduced the usual SU(2) notation. In turn the 4D scalar
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fields are identified as
HM =
1
2


0 0 A
(4)
M + iA
(5)
M
0 0 A
(6)
M + iA
(7)
M
A
(4)
M − iA(5)M A(6)M − iA(7)M 0


=
1√
2

 0 0 H
∗+
M
0 0 H0M
H−M H
0∗
M 0

 . (2)
Substituting these expressions into the Lagrangian for the zero modes
obtained after integration over the internal torus one gets
L4 = −1
4
(F aµν)
2 − 1
4
(Bµν)
2 +
∣∣∣∣
(
∂µ − ig4W aµ
τa
2
− ig4
√
3
1
2
Bµ
)
H
∣∣∣∣
2
− g
2
4
2
|H|4 , (3)
with g4 = g6/(
2
N
π
√
R5R6) as the 4D gauge coupling andHT =
(
H∗+M H
0
M
)
the Higgs doublet. R5,6 denote the radii of the torus.
One can immediately obtain some interesting Higgs physics results out
of this simple model. Note that a Higgs tree-level potential is present 1:
this is to be contrasted with the 5D case where this is not the case and one
obtains Higgs masses that are very small [16]. In the present case, if one
makes the (strong) assumption that local operators (tadpole operators) have
no significant effect on the potential and ignoring logarithmic divergences,
the leading one-loop effective potential for the Higgs is
V (H) = −µ2|H|2 + λ|H|4 , (4)
where µ2 is generated radiatively. By assuming that µ2 > 0 and setting
〈|H|〉 = v/√2 one obtains mH =
√
2µ =
√
2λv and mW = gv/2. Taking the
ratio leads to
mH
mW
=
2
√
2λ
g4
= 2 , (5)
where we use the fact that λ = g24/2.
It is interesting that this simple model leads to a Higgs mass in approx-
imately the right range suggested by global fits. In order to make it more
1Thus the model also realizes the unification of quartic Higgs and gauge couplings [20],
without Supersymmetry.
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realistic however one needs to understand the details regarding the tadpole
operators that give the main radiative corrections to the result. As men-
tioned in Section 1, the origin of these operators has been studied in [18]
where they found that tadpoles are always allowed in orbifolds compactifica-
tions based on TD−4/ZN (D even, N > 2). Another interesting result is that
on TD−4/Z2 with arbitrary D, tadpoles can only appear in D = 6 (except
for models with only bulk gauge fields). In [16], an argument was presented
that a globally vanishing one-loop tadpole is indeed harmless for the stability
of electroweak symmetry breaking. Thus, constructing a model with glob-
ally vanishing tadpoles is a way to go and one can do this by introducing a
suitable fermion content [17].
Another problem with the model is that it gives tan θW =
√
3, which
is larger than the measured value. It is therefore interesting to see if one
can find modifications of this model that would fix this problem and at
the same time keep all the nice features in the Higgs sector. As suggested
in [16], it might be possible to lower the value of tan θW by adding extra U(1)
symmetries, however there can be other possibilities. In this letter we present
an alternative where the basic idea is to introduce brane kinetic terms in the
6D theory and explore their effects on the Higgs mass.
3 Brane kinetic terms
In this section we describe how the addition of localized brane kinetic terms
can be used to lower the prediction for tan θW . A discussion on brane kinetic
terms and their physical implications can be found in [21, 22, 23, 24]. As
mentioned in the previous section, we are interested in models with one
Higgs doublet an will present our analysis for an SU(3) theory compactified
on T 2/Z3.
3.1 Brane kinetic terms at a point
We start with the following 6D Gauge Lagrangian:
L6D = −1
4
(
(Fµˆνˆ)
2 + δ(x5)δ(x6)
[
c1
(
F (a)µν
)2
+ c2
(
F (8)µν
)2])
, (6)
where again a = 1, 2, 3. In eq. (6) we have added a localized kinetic term
to the SU(3) 6D gauge theory at the fixed point x5 = x6 = 0
2 and taken
c1 and c2 as positive constants with mass dimension −2. Note that we have
2We can add such terms in every fixed point. In this case we concentrate on one for
clarity.
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introduced two different strengths in the localization terms. This choice is
certainly a source of fine tuning in the model and at this moment we do
not have a precise argument for it but to say that it is motivated by the
geometrical breaking of the symmetry, where the orbifold action is already
differentiating the components of the gauge fields. We will see that this dif-
ferentiation will play a crucial role in determining a correct value for tan θW .
In this particular example and for simplicity, we have added brane kinetic
terms only to those components of the 6D gauge fields that will become 4D
gauge fields and not to the scalar ones.
After compactification the 4D Lagrangian for the zero modes becomes (in
SU(2) notation)
L(0)4D = −
1
4
(F aµν)
2 − 1
4
(Bµν)
2 +
∣∣∣∣∣
(
∂µ − i g4√Z1
W aµ
τa
2
− i g4√Z2
√
3
1
2
Bµ
)
H
∣∣∣∣∣
2
− g
2
4
2
|H|4 , (7)
where
Z1,2 = 1 + c1,2
(2π/3)2R5R6
. (8)
These factors, Z1 and Z2, have been introduced in order to properly normal-
ize the fields in the 4D effective theory.
As before, we obtain a tree-level quartic Higgs coupling. Note however
that it is now possible to fix the correct value for tan θw by a suitable choice
of Z1,2. This is where the effect of having different strengths for the brane
kinetic terms appears. In order to see this explicitly we define g = g4/
√Z1
and g′ =
√
3g4/
√Z2 as the SU(2)W and U(1)Y gauge couplings respectively.
Then, using the same arguments that led to eq. (5), we obtain
tan θW =
g′
g
=
√
3Z1
Z2 (9)
while the Higgs boson mass is now given by
mH
mW
= 2
√
Z1 . (10)
In order to explore some of the parameter space, we consider the par-
ticular case of a torus of dimensions R ≡ R5 = R6. We then identify a
compactification scale MC = 1/R for each of the two extra dimensions.
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Figure 1 shows the values of c1 and c2 consistent with the correct value of
tan θW for three choices of MC = 1/R: 10, 30 and 100 TeV. We see that in
all three cases, a solution requires c2 > c1. Furthermore, solutions exist for
c2 ≤ 1. This is relevant since our analysis incorporates only the zero modes
and thus is valid only for the case in which the both c1 and c2 are small.
Larger values would require a systematic study of KK modes mixing and its
implication on the stability of the electroweak sector. We are performing a
study to quantify this effect due to KK mixing for a general class of models
of this type [25].
Using these results, we present the prediction for the ratio mH/mW in
figure 2. The result is plotted as a function of c2 where for each c2 we have
used the value of c1 presented in fig. 1. We also plot the range suggested for
this ratio by global fits (horizontal lines). Note that the allowed parameter
space is consistent with the conditions described above for the case MC =
10 TeV. In the case of larger MC (30 and 100 TeV) the ratio is off the scale
for all the values of c2 and c1 consistent with tan θW .
We stress that while the Higgs mass can be in the range suggested by EW
precision data, there are large regions of parameter space above 2mW , 2mZ
which are certainly permitted. Therefore, a detailed study of Higgs decays
H → WW and H → ZZ at future facilities (LHC, ILC) will help to put
strong constraints on this type of models [27].
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MC = 100 TeV
Figure 1: Values of c1 and c2 consistent with the correct value of tan θW for
different choices of the compactification scale MC . We use tan θW = 0.54839
in these results [26].
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Figure 2: mH/mw obtained with the values of c1 and c2 in fig. 1 for MC =
10 TeV. The horizontal lines correspond to the range consistent with global
fits.
This example shows that it is possible to fix the problem in the original
model by introducing brane kinetic terms as in (6). As discussed above, we
introduced brane kinetic terms only for the 6D gauge components that turn
into 4D gauge components. Apart from simplicity, our goal was to relate these
terms to the value of tan θW without disturbing the original tree level scalar
potential. However, brane kinetic terms for the gauge-scalar components
can also be incorporated and will cause modifications to the classical scalar
potential [25].
4 Conclusion
In order to solve the little hierarchy problem it is possible to identify the
Higgs field with components of gauge fields in higher dimensional electroweak
theories. One such extended electroweak theory was presented by Scrucca et.
al. in [16], where an SU(3) gauge theory in six dimensions is acted upon by
an orbifold in such a way that one obtains a Higgs doublet in the low-energy
effective theory. The model predicts mH = 2mW , which is in the range
suggested by global fits, and tan θW =
√
3 which is larger than the measured
value. In this letter we presented a modification of the model in [16] that
fixed the prediction of the Weinberg angle while keeping the results in the
Higgs sector. We accomplished this by introducing brane kinetic terms in
the 6D theory with different strengths for the already (orbifold) differentiated
components of the gauge fields.
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